Poliovirus was grown in HeLa cells in the presence of phosphorus-32 and actinomycin D. Three to four hours after infection, viral mRNA was recovered from polyribosomes and its "identity verified by two-dimensional gel electrophoresis of RNase Ti digests. Digestion of the viral with RNase T2 and separation of the products by ion exchange chromatography at pH 5 yielded pUp as possible 5' terminus but no "capping group" of the structure m7G(5')ppp(5')Np. (1), then mixed with actinomycin D (5 gg/ml) and carrierfree phosphorus-32 (0.6 mCi/ml), and incubated at 370. After a total incubation time at 370 of 3.2-4 hr the cells were washed twice with ice-cold 0.14-buffer (0.14 M NaCl, 0.01 M KC1, 0.01 M Tris.HCl, pH 7.5, 1.5 mM Mg9l2), suspended in 6 ml of 0.14-buffer, and layered in portions of 2 ml onto stepwise sucrose gradients. The sucrose gradients contained (from bottom to top): 2 ml of 60% sucrose in RSB + Mg buffer (0.01 M KCI, 0.01 M Tris-HCI, pH 7.5, 1.5 mM Mg9l2), 30 
m7G(5')ppp(5')Nmp obligatory for a mRNA to function in protein synthesis? If so, all species of mRNA translated in the cytoplasm should be terminated with the capping group.
Poliovirus contains a single-stranded RNA genome which, immediately after penetration and uncoating of the virus in the host cell, functions as mRNA in viral protein synthesis (for reviews see refs. 16 and 17) . Earlier studies have shown that the poliovirion RNA contains a 5' end with the general structure pNp (1) . The terminal base was found to be adenosine (1) , although recently, alkaline digests of virion RNA yielded more pUp than pAp as possible 5'-termini (Jacobi and Wimmer, unpublished) . Lack of the capping group in poliovirion RNA does not exclude the possibility that m7G(5')ppp(5')Nmp is involved in poliovirus protein synthesis, since cell-free extracts have been found to block and methylate unmethylated viral mRNAs (11, 14) . Thus, poliovirus RNA might be modified in the cytoplasm of HeLa cells prior to or during complex formation with ribosomes. We have, therefore, analyzed poliovirus-specific mRNA isolated from polyribosomes of infected HeLa cells. We were unable to identify a capping group in the viral mRNA, but obtained evidence that suggests that pUp is the 5' end. To our knowledge this is the only mRNA so far isolated from a mammalian cell that is uncapped.
MATERIALS AND METHODS Poliovirus type 1 (Mahoney) was grown and labeled in spinner cultures of HeLa S3 cells, and its RNA was extracted, as published previously (1, 18) . Poliovirus [32P]mRNA was isolated as follows: 100 ml of HeLa cells (4 X 106 cells per ml) were infected with plaque-forming units per cell of poliovirus (19) and incubated at 370. Ninety minutes after infection the cells were washed and suspended in ice-cold phosphate-free medium containing 5% dialyzed calf serum at 4 X 106 cells per ml. The cells were kept at 00 for 90 min (1) , then mixed with actinomycin D (5 gg/ml) and carrierfree phosphorus-32 (0.6 mCi/ml), and incubated at 370. After a total incubation time at 370 of 3.2-4 hr the cells were washed twice with ice-cold 0.14-buffer (0.14 M NaCl, 0.01 M KC1, 0.01 M Tris.HCl, pH 7.5, 1.5 mM Mg9l2), suspended in 6 ml of 0.14-buffer, and layered in portions of 2 ml onto stepwise sucrose gradients. The sucrose gradients contained (from bottom to top): 2 ml of 60% sucrose in RSB + Mg buffer (0.01 M KCI, 0.01 M Tris-HCI, pH 7.5, 1.5 mM Mg9l2), 30 (20) , and kept for 30 min at 00. Pre- cipitates of polyribosomes were collected by centrifugation, dissolved in 0.02 M EDTA, 1% sodium dodecyl sulfate, and treated three times with phenol/chloroform (18, 21) . The deproteinized RNA was sedimented through a sucrose gradient (15-30%) (16, 17) . Fig. 1 shows the sedimentation profile of a detergent lysate of infected HeLa cells. The cells were labeled from 90 to 210 min after infection with phosphorus-32 in the presence of 5 ttg/ml of actinomycin D. As found previously (16, 17) , the peak at 150 S (fraction 18) represents newly synthesized poliovirions. Virus-specific polyribosomes sediment faster than virions, with S-values between 150 and 400 (16, 17) . From the sucrose gradient of Fig. 1 we isolated fractions as indicated by the double-headed arrow. Viral polyribosomes in these fractions precipitated in 30 mM MgCl2 (20) and yielded 35S single-stranded RNA when treated with EDTA and phenol. As can be seen in Fig. 2 , most of the 32P-labeled RNA recovered from deproteinized polyribosomes sediments faster than 28S ribosomal RNA, although some RNA, sedimenting slower than 28 S, can also be observed. We consider the slowly sedimenting RNA to be breakdown products of the viral mRNA and not contaminations of other RNA (see below). It is unlikely that an appreciable amount of the labeled RNA in Fig. 2 originates from a virus-specific RNA replication complex (16) because lysis of the cells with deoxycholate/Brij 58 releases the replication complex from membranous material and thereby lowers its S-value to approximately 150 (22, 23) . Further support that the 32P-labeled RNA, which was isolated from polyribosomal fractions, is indeed pure poliovirus RNA comes from fingerprint analyses. Fig. 3A shows the separation of a complete RNase T1 digest of poliovirion [32P]RNA by two-dimensional gel electrophoresis*. The pattern of the larger oligonucleotides in the lower portion of the autoradiograms is highly diagnostic of a high-molecular-weight RNA (25 and permits desalting of fractions by lyophilization. Fig. 4 (solid circles) shows the elution of the capping group from a RNase T2 digest of reovirus [methyl-3H]mRNA, which has the structure m7G(5')ppp(5')Gm-Cp (5). Unexpectedly, this capping group elutes together with GTP. Its identity, however, was verified by phosphatase and/or snake venom exonuclease treatment followed by paper electrophoresis (2) . When poliovirus mRNA is digested and the products are separated under identical conditions, no material with a net charge greater than that of GDP elutes in appreciable amounts from the column (Fig. 4B) . This indicates that no capping group of the general structure m7G(5')ppp(5')Nmp is present in poliovirus mRNA. Absence of the capping group was observed with digests from three different preparations of poliovirus mRNA.
Analyzed in the experiment shown in Fig. 4B Radioactive material eluting ahead of GDP (fractions 54-64 of Fig. 4B ) was desalted by lyophilization and analyzed by paper electrophoresis (Fig. 5) and by thin-layer chromatography on polyethyleneimine plates (Fig. 6) (27) . recovery of counts in this peak was 6740 cpm, from which must be subtracted a small amount of counts that migrated differently from pUp in both systems. These compounds are presumably mononucleotides, since they are also sensitive to phosphomonoesterase. In any event, the recovery of pUp can account for most of the 5' termini of poliovirus mRNA.
The identity of the small peak eluting after GDP in Fig.  4B (fractions 68-80 ) is unknown. This peak is found in fractions in which m7G(5')ppp(5')Np might be expected to elute, since authentic marker m7G(5')ppp(5')G elutes two fractions after UDP (not shown). The material in fractions 68-80 of Fig. 4B , however, is present in too small an amount (<1000 cpm) to represent the 5' end of the viral mRNA. RNase T2 and separated its products on DEAE-cellulose at pH 5. As shown in Fig. 7A , an elution profile similar to that in Fig. 4B of poliovirus [24] [25] [26] [27] [28] [29] [30] [31] [32] in Fig. 7A , rather than as a single peak as in Fig. 4B . When analyzed by paper electrophoresis, these peaks contain, besides pUp and pAp, a number of other nucleotides (see below). Second, 32P-labeled material which is of neutral charge at pH 5 elutes with the void volume of the column in Fig. 7A . This compound is also neutral at pH 3.5, since it remains at the origin during paper electrophoresis. All (16, 17) . Since (Fig. 7A) , but also in poliovirus mRNA (Fig. 4B) , whereas, it can be found in HeLa cell cytoplasmic RNA (Fig. 7B) (4) , which readily yield methyl-labeled HeLa mRNA (4) . Absence of methylation of poliovirus RNA in vivo has been reported previously (29) .
Picornaviruses, such as the poliovirus, effectively inhibit host-cell protein synthesis (16, 17) . The mechanism of inhibition is probably an active shut-off of cellular protein synthesis caused by a virus-specific protein (16, 17 
